. Example of a rough graphene film created during doped graphene growth. The height variation across the substrate is several tens of nanometers, which makes atomic-resolution imaging impossible. Codoped samples suffer most severely from this problem, and flat, clean areas are impossible to identify on these samples. . N 1s and C 1s XPS data for Nitrogen-doped (NH 3 -grown CVD) graphene used to obtain atomic nitrogen concentrations of 1.15% (NG5) and 0.81% (NG4). N 1s data was measured at a photon energy of 520 eV and C 1s data was measured using photon energy of 420 eV, so that the 1s electrons in both cases are emitted with kinetic energy values in the same range (~120 eV), to obtain an accurate atomic concentration ratio. Table S1 . Atomic concentration of N-dopants in different forms (N1, N2, N3 and NO) based on XPS data (Figs. S6-S7 ). N1 (nitrilic) and N2 (pyridinic) dopants have a p-doping effect in graphene while N3 (graphitic) dopants n-dope graphene. The doping effect of surface nitrogen oxide (NO) is unknown. Concentrations are used to correlate doping effect (number of p-type N-dopants minus number of n-type Ndopants, N p -N n , obtained as (N1+N2)-N3) with work function change (∆W.F.) in graphene. N1 and N2 type dopants have binding energy ranges in close proximity; both types are included in peak 0 in the fit of N 1s XPS for NG4 (Fig. S7) . 
